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ABSTRACT 
Polycyclic aromatic hydrocarbons, or PAHs, are compounds of organic nature derived from burning 
other organic compounds. They are common in nature, but in high concentrations are a sign of 
pollution and have harmful effects on human health. Therefore, techniques to identify and quantify 
these compounds in environmental samples, especially water samples, become essential. In this paper 
we apply the technique of synchronous fluorescence spectroscopy to identify and quantify types of 
PAH in water samples, showing the simplicity of execution and low cost of the technique over other 
ones conventionally used and reported. For this study, we choose two PAH which seem to be the 
most common in the environment and are associated with several diseases, including cancer. 
Analytical curves were constructed, and analytical parameters for their determination collected; limits 
of detection and quantification were 2.0 and 6.7 ng.mL-1 for chrysene and 1.7 and 5.7 ng.mL-1 for 
benzo[a]pyrene, respectively. To study the validity of the proposed method, water samples collected 
from a stream in the city of Dourados (MS, Brazil) were studied. At each of the collection points, 
significant concentrations of chrysene and benzo[a]pyrene was detected, mostly at levels above those 
permitted by international regulatory organizations. 
 
Keywords: Polycyclic Aromatic Hydrocarbons; Synchronous Fluorescence Spectroscopy; 
Environmental Monitoring; Pollution; Water; Chrysene and benzo[a]pyrene. 
 
RESUMO 
Os hidrocarbonetos aromáticos policíclicos, ou PAHs, são compostos de natureza orgânica derivados 
da queima de outros compostos orgânicos. Eles são comuns na natureza, mas em altas concentrações 
são um sinal de poluição e têm efeitos prejudiciais à saúde humana. Portanto, técnicas para identificar 
e quantificar esses compostos em amostras ambientais, especialmente amostras de água, tornam-se 
essenciais. Neste artigo, aplicamos a técnica de espectroscopia de fluorescência síncrona para 
identificar e quantificar tipos de HAP em amostras de água, mostrando a simplicidade da execução e 
o baixo custo da técnica em relação a outras convencionalmente usadas e relatadas. Para este estudo, 
escolhemos dois HAP que parecem ser os mais comuns no ambiente e estão associados a várias 
doenças, incluindo câncer. As curvas analíticas foram construídas e os parâmetros analíticos para sua 
determinação foram coletados; os limites de detecção e quantificação foram de 2,0 e 6,7 ng.mL-1 
para o criseno e 1,7 e 5,7 ng.mL-1 para o benzo [a] pireno, respectivamente. Para estudar a validade 
do método proposto, foram estudadas amostras de água coletadas em um riacho na cidade de 
Dourados (MS, Brasil). Em cada um dos pontos de coleta, foram detectadas concentrações 
significativas de criseno e benzo [a] pireno, principalmente em níveis acima dos permitidos pelas 
organizações reguladoras internacionais. 
 
Palavras-chave: Hidrocarbonetos aromáticos policíclicos; Espectroscopia de fluorescência síncrona; 
Monitoramento ambiental; Poluição; Água; Criseno e benzo [a] pireno. 
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1 Introduction 
         Polycyclic aromatic hydrocarbons (PAHs) are organic compounds formed by two or more 
conjugated aromatic rings (Nuria; Vera; Martinez-Mecnhon; Navarro. G; Lucas; Navarro.S,2012; 
Shemer; Linden,2007). Depending on the concentration, these compounds have toxic properties, thus 
they represent a threat to the health of living beings (Shemer;Linden 2007). In studies reported, it was 
noted that rates of lung cancer and cardiovascular diseases in humans have increased since exposure 
to high levels of PAHs. This occurrence is related to the fact PAHs possess toxic properties that make 
them cancerous and mutagenic to humans with daily life exposure to these chemicals (Nuria; Vera; 
Martinez-Mecnhon; Navarro.G; Lucas; Navarro.S, 2012; Xu; Cook; Ilacqua; Kan; Talboltt; 
Kearney,2010; Xu; Hu; Kearney; Kan; Sheps,2013;Kamal;Qamar; Gulfraz; Anwar; Malik,2015). 
           Human contact with these compounds occurs by air inhalation, food and water intake and by 
direct contact of the skin with soil and dust (USEPA,2014; Wogan; Hecht; Felton; Conney; Loeb, 
2004) and they have great environmental mobility by air, soil and by water. Once PAHs are found 
mainly in bodies of water (Kim; Jahan; Kabir; Brown,2013), they are a large problem for human. 
Their hydrophobic character allows aggregation with surrounding particles and accumulation in the 
environment (Jajoo; Mekala; Tomar; Grieco; Tikkanen; Aro, 2014). 
            There are environmental agency regulations to protect human health concerning the 
concentration of PHAs in drinking water by establishing the maximum content of then (USEPA, 
2014). The existence of regulations comes up against the need to monitor and control pollutants in 
the environment, and the development of techniques and measurement protocols for the identification 
and quantification of PAHs has become a goal of several studies. Among the techniques described to 
characterize, determine and monitor the compounds, gas and liquid chromatography and fluorescence 
spectroscopy stand out (Brown,A.S; Brown, R.J.C, 2012). 
             This study aims to show the capabilities of the synchronous fluorescence spectroscopy (SFS) 
technique in the determination of two PAHs, chrysene and benzo[a]pyrene in surface water samples 
from the Rego D’Água, Água Boa and Paragem stream in the region of Dourados, Mato Grosso do 
Sul (MS), Brazil. These two PHAs were choose since then are abundant in this area and are associated 
to several diseases in some reports (Xu; CooK; Ilacqua; Kan; Talboltt; Kearny, 2010; Xu; Hu; 
Kearney; Kan; Sheps,2013; Kamal; Qamar; Gulfraz; Anwar; Malik, 2015). The collection points 
covered urban and rural regions of the stream, whose water is used for waste disposal, for bathing 
and for agricultural activities. 
 
2 MATERIALS AND METHODS 
2.1 CHEMICALS 
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            For the calibration curve, 1 mL of a mixture of PAHs diluted in acetone (EPA PAH Mix-B-
Aldrich), composed of pyrene (Pyr), benzo[a]pyrene (BaP), anthracene, benzo[k]fluoranthene, 
dibenzo[a,h]anthracene, phenanthracene, chrysene, acenaphthylene, benzo[b]fluoranthene, 
benzo[g,h,i]perylene, fluorene, and infeno[1,2,3-c,d]pyrene were used with methanol 99.9% 
UV/HPLC VTEC® Spectroscopic (Sigma-Aldrich). Hexane 99.5% UV/HPLC (mixture of isomers) 
Sigma Aldrich® Spectroscopy and Milli-Q ultrapure water were also used to extract the PHAs from 
the samples water. 
 
2.2 FLUORESCENCE MEASUREMENT 
Fluorescence spectroscopic measurements were performed on a Cary Eclipse 
Spectrofluorometer (Varian) coupled to a photomultiplier tube (R928), in synchronous mode. The 
measurement interval was from 200 to 600 nm with a wavelength interval (∆λ) of 40 nm. The 
excitation and emission slots were calibrated to 2.5 nm and 5 nm, respectively (Patra; Mishra,2001). 
 
2.3 SAMPLE COLLECTION AND STORAGE 
The study area is a stream, located in Dourados, in Brazil’s Midwestern Region, located at the 
south of Mato Grosso do Sul state. The population of the city is 210,218 and has an estimated 
population density of 51.443 inhabitants per km² (IBGE,2013). 
          The stream it is characterized as extremely polluted by domestic waste water, since most of its 
route is in the middle of the city. Its course continues to the rural area until its waters flow into the 
Dourados River, which is the main source of drinking water for the population (Gomes; Silva,2012; 
Silva,2010). The stream’s route passes through several neighborhoods like Vila São Pedro, Jardim 
Água Boa, BNH 4º Plano, Vila Cachoeirinha and Parque dos Coqueiros. These neighborhoods, 
among others in the county, are considered densely populated. 
          Water samples were collected at specific points on the stream, where the Point 1 is located is 
in the Rego D’Água; Point 2 is in the Rego D’Água and Água Boa; Point 3 is in the Rego D’água in 
Vila Cachoeirinha; and Point 4 is located is in the Paragem in Parque dos Coqueiros. 
          The collected samples were surface water, consisting of samples taken from 0 to 30 cm water 
depth. At each collection point two samples of 1000 mL were collected, at very close intervals. The 
sample collections were made in successive intervals, in different climatic periods, following the 
reference protocols (Xia; Pignatello,2001; Rockne; Shor; Taghon; Kosson,2002). After collection, 
the samples were immediately sent for further analysis. 
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2.4 PYRENE AND BENZO[A]PYRENE EXTRACTION 
It is observed that in aquatic systems, organic pollutant compounds are spontaneously 
dissolved, and it is noted that in rich organic matter systems the adsorption of PAHs occurs with the 
dissolved organic matter (Hong; Garnier; Zhong; Bergheaud; Fei; Liang, 2014). Knowing that 
organic matter from environmental samples may have a complex chemical structure, and that they 
have portions of non-polar substances which allow interaction with hydrophobic molecules such as 
PAHs (Xia; Pignatello, 2001; Xing; Pignatello, 1997), it is necessary to segregate such materials into 
different mediums. 
            The process of liquid-liquid extraction (LLE) is the most common procedure for the 
separation of compounds with different polarities in a liquid medium (Brum; Cassella; Neto, 2008). 
This process is based on partitioning a sample between two immiscible phases, where one is organic 
and the other is aqueous. This type of procedure is used in water sample analysis (Olkiewicz; 
Caporgno; Fortuny; Stüber; Fabregat; Font; Bengoa, 2014).   
             In this study we applied the process of LLE modified as previously described (Brum; 
Cassella; Netto, 2008; Abdel-Shafy, Mansour,2015). In order to do this, aliquots of 100 mL were 
taken from the collected water samples. Each aliquot was transferred to a 250 mL Erlenmeyer flask, 
and then 20 mL of hexane was added. This mixture was stirred for 20 min at room temperature. Due 
to the insolubility of the medium, part of the hexane extract was removed. This procedure was 
performed four times for each aliquot. The result of this washing process (about 80 mL of hexane) 
was transferred into the round bottom flask of the retro evaporator (IKA-RV10) and mixed with 10 
mL of methanol. The solution was then heated to a temperature close to 40ºC and retro evaporated, 
resulting in a final extract of ~2 mL. To complete preparation of the sample for analysis, this extract 
was diluted in an equal volume of methanol-water solution (1:1 v/v) using a 5 mL volumetric flask. 
 
3 RESULTS AND DISCUSSION 
3.1 STUDY OF THE APPLIED ANALYTICAL METHODS 
Figure 1(a) and 1(b) shows the normalized fluorescence spectrum of the PAH mixture 
solution, dissolved in methanol and Milli-Q ultrapure water with ∆λ = 40 nm. Under these 
measurement conditions, it is possible to identify the peaks related to the maximum fluorescence of 
Chy and BaP at wavelengths of 265 and 366 nm, respectively (Brum; Cassella; Netto, 2008; Abdel-
Shafy, Mansour,2015). 
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Figure 1. (a): Standard sample fluorescence spectrum (PAH Mix) for a ∆λ = 40 nm, with the 
identification of peaks for BaP λMax = 366 nm. HPLC grade methanol used as solvent. 
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Figure 1. (b): Standard sample fluorescence spectrum (PAH Mix) for a ∆λ = 100 nm, with the 
identification of peaks for Chy λMax = 265 nm. HPLC grade methanol used as solvent. 
 
   In Figure 2 the curves of fluorescence intensity as a function of the concentration of Chy(a) 
and BaP (b) are represented, for the concentration range between 5 ng.mL-1 and 25 ng.mL-1. In this 
range, the dependence of fluorescence intensity on the concentration of each HPA is apparently 
linear; setting coefficients, agreement ratios, detection limit values and quantification limit values are 
described in Table 1. 
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Figure 2. (a): Analytical curve for Chy determination. 
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. Figure 2. (b): The analytical curve for BaP determination. The red line represents the linear fit performed 
for each PAH (n = 3). 
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Table 1. Adjustment coefficients, concordance rates, limits of detection and quantification of Chy and BaP, 
obtained by analytical curve adjusted by a line without linear coefficient. 
 
The strong correlation index of the measurements is justified by linear regression coefficient 
(R2) values of 0.9960 for Chy and 0.9970 for BaP (INMETRO,2010). We found limits of detection 
(LOD) and quantification (LOQ) of 2.0 and 6.7 ng.mL-1 for Chy and 1.7 and 5.7 ng.mL-1 for BaP, 
respectively. The LOD and LOQ values found were very close and, in most cases, lower than the 
respective values found in the literature (Molina; Lopez;Reyes;Diaz, 2013; Sánchez; Gomez; 
Malagón; Vílchez,2012; Gonzalez; Grana; Lorenzo; Mahía; Redon; Goutx, 2007; Tor; Ozcan; Aydin, 
2010; Ferretto; Tedetti, Guigue; Mounier; Redon; Goutx, 2014), as shown in Table 1, which shows 
that in this study, using this technique it is possible to obtain results as accurate and selective as the 
current literature. 
3.2 ENVIRONMENTAL SAMPLE ANALYSIS   
   After LLE, we were able to identify the spectra of absorption and emission of the PAHs Chy 
and BaP, with maximum absorption intensity close to 265 nm and 366 nm for the respective 
compounds. A systematic study of the concentration of these PAHs at selected points of the stream 
during different seasonal conditions was carried out using the SFS technique. 
             Figure 3 and 4 shows the dates of collection and the concentrations obtained at each collection 
point on different days. The concentrations found for Chy at all data for all collection dates ranged 
between 0.03 ng.mL-1 and 20.12 ng.mL-1, and the concentrations for BaP varied between 0.09 ng.mL-
1 and 15.05 ng.mL-1. 
 
 
 
HPA Angular 
coef.  
R
2
 LOD (ng.mL
-1
) LOQ (ng.mL
-1
) Reference 
Chy  3.73   0.99 0.11 0.36                     This study 
   0.13 0.45                 Molina et all,2013 
   0.09 0.34  Sanchez et all,2012 and Gonzalez et 
all,2007 
BaP 4.96 0.99 0.05 0.17                      This study 
   0.06 0.20                   Molina et all,2013 
   0.03 ----                      Tor et all,2010 
   0.06 0.19                       Ferretto, 2014 
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Figure 
3: Concentration values obtained for PAH Chy at every point for all collection dates.
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Figure 4: Concentration values obtained for PAH BaP at every point for all collection dates. 
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             For both PAHs studied, the concentration depended on the rainfall rate. The higher values 
of the lower level of PHAs, were obtained on rainy days, showing the influences of the seasonal 
conditions on the quality of the water. The Chy concentrations on dry days ranged from 0.03 to 17.86 
ng.mL-1, and on rainy days from 2.05 to 3.58 ng.mL-1. The concentrations found for BaP on dry days 
ranged from 0.09 to 15.06 ng.mL-1, and on rainy days from 0.58 to 3.75 ng.mL-1. 
            Studies using other techniques show the same tendency to find higher values on rainy days 
compared to dry days. This tendency is mainly related to the fact that PAHs are hydrophobic and are 
adsorbed by dust (Varnosfaderany; Bakhtiari; Z. Gu; G.Chu, 2014) . Research results suggest that the 
street dust size and the topographical and hydrological characteristics of the landscape in the flow 
network are important factors that influence the concentration of PAHs in surface water (Hongtao; 
Chengqing; Meixue; Weidong; Chris; Baoqing, 2009). The contribution of urban runoff significantly 
influences the concentration of this chemical in tap water, and for this reason, rain provides the flow 
of particulate material from the streets to running water, significantly increasing its concentration 
after rainy periods (Varnosfaderany; Bakhtiari; Z. Gu; G.Chu, 2014; Hongtao; Chengqing; Meixue; 
Weidong; Chris; Baoqing, 2009). According to the USEPA, the maximum permitted concentration 
level of the contaminant BaP in drinking water is 0.2 ng.mL-1 (Liao; Ma; Chen; Yang, 2015) . In this 
study we measured minimum and maximum concentration values for BaP, which is a major 
contaminant regulated by USEPA. The minimum value we measured on a dry day with elevated 
temperature was 0.6 times of the permitted concentration, and on a rainy day the amount of the 
contaminant was 5.7 times higher than allowed. 
 
4 CONCLUSION 
         In this study it was possible to identify and quantify the PAHs Chy and BaP in water samples 
from the natural aquatic environment using the technique of SFS and the sample fortification method 
of LLE. To validate this analytical procedure, analytical curves for both PAHs were built. Good 
results of the regression coefficients allow to obtain excellent results of LD and LQ. 
         Each sample, collect in different day forecast present significant concentrations of the PAHs 
Chy and BaP. Concentrations found for Chy ranged from 0.03 to 20.12 ng.mL-1 and for BaP ranged 
between 0.09 and 15.05 ng.mL-1. The differences of such concentrations can be attributed to the 
rainfall rate due to the PHAs hydrophobicity. By the way in some points of study, high level of 
contaminant was found, which may cause damage to living beings. 
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